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Description 
Technical Field 

This invention pertains to an integrated nonlinear waveguide spectrometer. 
Background of the invention 

signa. is rade.ed is a function of the difference ,n the ^length o V^^*^^ angular spectrum of 
By^^re^^ 

the up-converted signal l in the far-held. The phys^ J pmap» spectrometer. Two counter-propagating 

shown ,n F.gs 3 and 4. The a *J^*SS^ generate surface-emrtting sum-frequency 

waves, one bang a relerence mode and the other an '^ s ^ "J™? fj " b tne rinci p, e of momentum conser- 
s ,gna. rad.at.ng out o. the top surface of the gu.de with an angle MM ^ ^^^rSStSe frequency spectrum of 
vation II one o. the counter-propagating beams (reference beam) ™ sum frequency signa. in 
the other counter-propagating beam (input signa. ) ^mapped to ^2*^^^™^ Visible Lasers and 
the la.-l.eld For examp.e. see R. Normandtn et at Vol 27. No. 6, June 

SSSsaSssessas 

(see preamble of claim 1). asner atina areen or blue light from radiation injected 

A structure of a nonlinear guide wh.ch would be useful for 9^ '° 9 f ^" ° 8 . J c.^ro^oties Technical 
into the non..near guide was suggested by P Vakhs hoorn at a., ^nfegnoe o^aseg ffi^J R L w „, 
Dtaest. Ser.es 1991 . (Optical Society of Amenca, Washingto ^^J^S^t^dlAnm^mM^ 
ifeonjere^ Generation of (111)B 

D.C.) Vol 10. page 136. D. vakhshoor, - a ^ 1 J22ST 9 S ^ pToesSSla andD. Vakhshoori. "Anafysis of Visible 
GaAs* ^EBJied Phvsics Letters. Vol. 59. No. S. 19 August » 1 ^ 8 ^ 1Q 15 Novem ber 1991. 

Surface-Emitting Second-Harmonic ^^^^^S^^g o^ pSed attemating compound 

to far-field on compound semiconductor substrates. 
Summary o f the invention 

" ,n the invention as set out in the claims a non.inear 

waveguide focusing mirror. The waveguide s P~ tro ™^ ar-field and separate 

the action of a orating and produce the required chromatic dispersion. To map ^tne near n. mirror were 

the focal Diane of the mirror 

fabricated to simufc.e a -cave focusing 

was about 0.7um corresponding to about 0.1 6 nm (16 ^9 suo ™f > = rsion effiC jencv is smallerthan the theoretical 
prediction. The device has good spectra, reason; of reference and input 
prediction. The converted signa. shou.d be. MMrtk ^2i2^ app.icattons that can take 

rx^^^^ <•••*• -s- - — p,n 

dlTtors and circuits where 1 .5pm and 1 3pm infrared signa.s cannot be detected.) 
Rri^f nescri ption of the Drawing 
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FIG5 discloses a schematic representation of a ridge guide with counter-propagating reference mode of a fixed 
wavelength and input signal of different wavelengths; and 

FIG 6 discloses a schematic representation of two spots corresponding to blue signal at the focal plane; which 
5 result from an interaction of a reference wavelength with two different Ti-Sapphire laser wavelengths. 

Detailed Description 

In an exemplary integrated optical device a nonlinear parametric waveguide spectrometer was integrated with an 
io organic<Jielectric waveguide. Forty-five degree angle mirrors etched by Reactive Ion Etching (HE) were fabricated at 
both ends of the waveguide to allow the surface light generated by the nonlinear ridge guide to be reflected parallel to 
the surface and coupled into the organic<Jielectric waveguide. In a preferred embodiment, an integrated nonlinear 
waveguide spectrometer with resolution of -1 6 nm (1 .6 A) was formed on a 4mm by 7mm GaAs substrate by integrating 
nonlinear periodic GaAs/AIGaAs ridge guide structure having a 2mm long circular section with a 4mm long polyim.de/ 

SO The^Sfated optical device is shown schematically in FIGs. 1 and 2 of the drawings, with FIG. 1 being the top 
view of the integrated optical device, and FIG. 2 being the cross-sectional side view of the integrated optical device. 
For illustration purposes, dimensions of the integrated device are not drawn to scale. 

The integrated optical device, denoted generally by numeral 10, includes a crystalline compound semiconductor 
20 substrate. 11 , multiquantum well region, 12, including a ridge guide, 13, a dielectric layer. 14, and an organic polymer 
material layer, 15, provided at opposite ends with 45= mirrors, 16 and 17. Dielectric layer 14 and organic layer 5 form 
an organic-dielectric waveguide, denominated generally as 18. The dielectric material has a lower index of refraction 

than the organic material and forms a cladding layer for the organic<Jielectnc waveguide^ 

The integrated optical device is fabricated upon substrate 11 having region 12 formed by a plurality of thin layers 
2S of alternating composition. The fabrication includes etching in region 12 a pair of trenches, 1 9 so as to define an 
isolated ridge guide 13, depositing dielectric layer 14 over an upper surface, 20. of region 12 and in trenches 19. and 
depositing, over an entire surface. 21. of dielectric layer 14. layer 15 of an optically transmissive organic polymeric 
material. The slab-like organic-dielectric waveguide 18 is formed by defining outlines of the waveguide on the organic 
layer and etching the organic layer to a desired form. t-^h^ 
30 Ridge guide 1 3 was defined by dry-etched trenches 1 9 to preserve the wafer planarrty. Except for the trenches, 

the wafer is kept planar to facilitate subsequent fabrication of the organic<Jielectric waveguide 18 and the 45 mirrors 
16 and 17. Ridge guide 1 3. shown in dashed lines in FIG. 1 , consists of a circular arc, 23. in the m.ddle sectioa and 
straiaht sections 24 at the opposite ends. Small circular arcs may smoothly interconnect circular arc 23 with stra.gh 
Sons £ ^^hrexemp.ary^nbodirnent. substrate 11 is of GaAs and region 12 and ridge guide 13 are of GaAs/ 
35 AIGaAs multilayer, multiperiod structure. Each period is formed by a thin layer of GaAs and **™*V«^ A^Ga, As 
wherein x ranges from 0.7 to 1 . The thickness of each layer is equal to one-half the wavelength (|) of the yis.ble light 
ZZattTthe ridge guide. In the preferred embodiment, the dielectric materia, is SiC* (n = 1 .47) and the organic 
mS is pojimide 9 (n^ 1.6) forming a P o*imide/Si0 2 waveguide. Substrate 11 is about «■ 
about 1 .5pm thick, trenches 1 9 are 1 -2pm wide and about 2pm deep, ridge guide is 2-3pm wide about 2 pm h.gh^ , 
40 ttie dielectric layer is about 0.5pm thick, and organic layer 15 is 2-3pm thick The whole device ; abort 4 by 7 mm in 
size w th waveguide 18 being 4 mm long and approximately 2 mm wide. Mirrors 1 6 and 17 are defined by circular arcs 
s StoTto Z circular arc of the ridge gukie. The circular arcs have a 4mm radius of curvature. 
etched by Reactive Ion Etching (RIE) in a manner simibr to the technique described by L. A. Coldrean and J. A. 
Re^hler in -Directional Reac?ive-.on-Etching of .nP wrth Cl^ Containing Gases". Journal of Vacuum Science Tech- 
45 noloqv, Vol. 19. No. 2, July/August 1981, pages 225-230. 

J32 Toperation. optical radiation at dKferent wavelengths is supplied into opposrte ends of ridge guide J2 so that rt 
counter-propagates into mutually opposite directions. One radiation, denoted a reference radiamn which enters 
me ?Lge n one direction, is maintained the same, while the radiation provided from the opposite d.rection may be 
nLed at a whole range of different wavelengths. Due to the nonlinearity of the ridge guide, a sum4requency s.gnal 
I ducted ^Tan upward direction toward 45° mirror 1 6 where it is bounced off 90° into organic layer 1 5 of the organc- 
dielecSc wTegCide 18 and propagates parallel to surface 20 or 21 in the direction of mirror 17 where, at the opposrte 
e^e^veguioe 14. the'radiatk.n is again deflected. As the up-converted signal 22 from the ridge guide icouptes 
fnte the orqanic-dielectric waveguide by the reflection off 45' mirror 16. it will form a crcular phase front and will ecus 
o a SnTKfocSplane 4mm away in the waveguide. At that focal plane, another 45» mirror 17 is used tocouple .ft. 
rght^rjthe surface of the waveguide for detection. Direction of propagation of the radiation out frorr Uhe , opt£ 
wavegukte is determined by the direction and angle of inc.ination of mirror 17. Since. th.s case hem.™ _.s at 4? 
tothe plane surface of the waveguide, the radiation will be deflected into an upward d.rection. ^*™^**«£ r 
A negative 45' mirror may be used to couple the signal back toward surface 1 9 for detect.on wrth .ntegrated detector 
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array at the focal plane, at or on the substrate. ^ \ 

The resolution of a conventional spectrometer is defined as the change in the input wavelength thill-Shifts the 
spatial position of the signal from its peak to its first minimum. In this case, for a focusing mirror, e.g. 1 6, apertured by 
a 2mm long nonlinear ridge guide, e.g. 1 3, the angle subtended at the center of the mirror by the spatial separation of 
the peak and the first minimum of the signal at the focal plane is: 

56 f = ^= „ : =1.6X10* red (1) 

f nd (1.6)-(2000u.m) 

where X^, n, and d are the sum-frequency wavelength, effective index of the polyimide/Si0 2 waveguide and the aperture 
of the curved mirror, respectively. On the other hand, the change in the radiation angle due to a change in the input 
wavelength (Fig. 3) is: 



K 0 



^se r = X (2) 

where X, X ol n, n c , n s are the input fundamental and reference wavelength, the effective index of the GaAs/AlGaAs 
25 ridge guide for the input and reference beams and the effective index of the polyimide/Si0 2 waveguide for the sum- 
frequency signal respectively. The third line of Equation 2 is obtained by approximating the values of the above pa- 
rameters for the case of X^X Q =1 .Oum. The resolution of the spectrometer is then estimated to be: 



66|=6e r 



»6X = 06 nm (1.6 A) (3) 



The measured output from mirror 1 7 was recorded on a black and white negative. In Fig. 6 are shown schematically 

35 two dots which represent the visible blue signal radiating out of the 45° mirror 17 and located at the focal plane of the 
circular mirror. Laser light from Nd:YAG was used as the reference beam <o 0 with wavelength \ G =1 .064um A tunable 
Ti-Sapphire laser light was used as the input signal and with wavelengths ^=0.9734^ and X2=0.9724|im, 
respectively. The recording was made by first tuning the tunable laser to ^=0.9734 urn, sending the reference beam 
and the first input signal beam into opposite ends of the ridge guide, exposing the film to the up-converted signal, and 

40 then without moving the film, tuning the tunable laser to ^2=0.9724 jam and re-exposing the same film to the new up- 
converted spot at its new position. The up-converted signals from X, and >^ are spectrally 1 nm apart and the spots 
are spatially 4ujn separated at the focal plane. The signal spot size (FWHM) was measured to be =s0.7^im for each of 
the two wavelengths which corresponds to a spectral resolution of -16 nm (1 .6 A) in close agreement with the theory. 
Some small residual spots (not shown) were present around the two main peaks. These are probably the results of 

45 multiple reflections and possible deviation of the curved GaAs/AIGaAs nonlinear waveguide from its ideal circular arc. 
The coupling loss from the nonlinear ridge guide to the organic-dielectric waveguide and the propagation loss of this 
waveguide at the wavelength of the blue up-converted signal seems to be large; thus, the power of the signal was 
much less than the value predicted by the theory. The signal should be, theoretically, in the order of 0. 1 mW when 100 
mW of reference and input signal are used. Nevertheless, since the signal from the integrated structure is visible, the 

50 device may be of use in applications requiring integration with silicon detectors and circuits, i.e. integration with silicon 
PIN detectors and circuits where 1.5u.m and 1 .3}om infrared signals cannot be detected. 

The integrated spectrometer with nonlinear GaAs/AIGaAs ridge guide was grown on (100) GaAs substrates. This 
means that for the surface-bound sum-frequency generation, both TE and TM modes should be excited. This actually 
is an advantage for the nonlinear parametric waveguide spectrometer since by coupling the reference beam as the 

ss TM mode and the input signal as the counter-propagating TE mode, no second harmonic generation to the first ap- 
proximation should exist. The symmetry of (100) surface thus reduces the background visible radiation and prevents 
the nonlinear mixing of the different frequency components of the input signal. 
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1. An integrated optical device comprising upon a substrate (11), a nonlinear parametric waveguide spectrometer 
(13) in the form of a ridge waveguide, 
CHARACTERIZED IN THAT 

a central portion of said nonlinear waveguide forms a circular arc (23) with a preselected radius of curvature, 

and in that „ . . 

an elongated organ ic-di electric waveguide (1 8) is positioned above and transverse to the nonlinear waveguide, 
said organic dielectric waveguide being in the form of an elongated slab of organic material overlaying a thin 
dielectric layer (14), the dielectric layer having a lower index of refraction than the organic material to act as 
a bottom cladding layer for the organic material, the opposite ends of said organic-dielectric waveguide (1 8) 
being defined by two mirrors (16,17), each mirror being in the shape of a surface that is inclined at 45° to the 
normal of the substrate and following a circular arc having the same radius of curvature as the circular arc of 
said central portion (23), the first mirror being positioned above said circular arc of said central portion of said 
ridge waveguide and being angled so as to reflect visible radiation emanating from the upper surface of the 
central portion of said ridge waveguide into said organic-dielectric waveguide, the second mirror being angled 
so as to deflect radiation propagating in said organic-dielectric waveguide out of the surface of the waveguide 
for detection, the center of curvature of each mirror lying in the plane of the other mirror, so that the radiation 
reflected from said first mirror is focused onto said second mirror. 

The device of claim 1 , wherein said ridge guide has a multiperiod structure comprising a plurality of pairs of com- 
pound semiconductor layers, the composition of one layer in each pair being different from the composition of 
another layer in the pair. 

The device of claim 2 in which said ridge guide is defined by a pair of trenches (19) formed in the surface of a 
multiperiod structure (12) on a GaAs substrate,. /A ,^ A « 
said multiperiod structure consisting of a plurality of periods comprising alternating layers of GaAs/AIGaAs. 

The device of claim 2 or claim 3 in which each of said pairs of compound semiconductor layers consists of a layer 
of GaAs and a layer of A^Ga^ As with x in the range 0.7 to 1. 

The device of any of claims 2 to 4 in which the thickness of each compound semiconductor layer is equal to one- 
half the wavelength of the visible radiation generated in the ridge guide. 

6. The device of any of the preceding claims in which said slab of organic material comprises polyimide. 

7. The device of any of the preceding claims in which said dielectric material comprises SiCX,. 

The device of any of the preceding claims in which said mirrors are inclined 45° in the same direction relative to 
the plane of the ridge guide, so that radiation reaching said second mirror is directed away from the substrate. 

The device of any of claims 1 to 7 in which the second mirror is inclined 45* in the direction opposite to that of the 
first mirror, so that radiation reaching said second mirror is directed toward the substrate. 
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Patentanspruche 

1. Integriert optische Einrichtung umfassend an einem Substrat (11) ein nichtlineares parametrisches Wellenlerter- 
so Spektrometer (13) in der Form eines Rippenwellenleiters, 

dadurch gekennzeichnet, 

daB ein Mittenabschnitt des nichtlinearen Wellenleiters einen kreisformigen Bogen (23) mil einem ausgewahl- 
ten Krummungsradius bildet und, , . ar 

55 da(3 ein langlicher organisch-dielektrischer Wellenleiter (18) oberhalb und quer zum nichtlinearen Wellenlerter 

angeordnet ist, wobei der organisch-dielektrische Wellenleiter die For™ eines langlichen Stabs °rgan.schen 
Materials hat, welches uber einer dunnen dielektrischen Schicht (14) iiegt, wobei die dielektnsche Sch.cht 
einen niedrigeren Brechungs index als das organische Material hat. urn als Bodenummantellungsschicht fur 



5 



BNSDOCID: <EP 05701 24B1_I_> 



EP 0 570 124 B1 



10 



15 



das org^be ^ zu wirken, wobei * "^^^^ 

.emeite's (18) durcb zwei ^O^JJ**-^ «*« lj£ £0 ^ 
welche unter 45 Grad zur "^"J^JSSSSdi Mittenabschnitts (23) lolgl, wobei der erste Sp.e- 
g ,eichen Krummungsradius wje ^^SSS^ ^^s RippenweUenleiters angeordnet ist und so unter 
gel uber dem kreisform.gen Bogen des M^enabscnnms c» ww Mittenabschnitts des Rip- 

einem Winkel ver.auft, *B sich < bare wjrd] wobei der Spie- 

lung auf den zweiten Spiegel fokusiert ist. 
Einrichtung aaca An.axa , - -£^^^32^ 

Eintichtung aae, - -KT-KSSSST-tS STEM-* 

20 AIGaAs umfalM. 

- - ■ iho, i~i M Paar der Verbindungshalbleiterschichten aus einer Schicht 
OWe , hei richer die Dicke jeder Verbindungshalbleiterschicht der 

faBt. 

7 Eiarichlung «* — . * — — « — - — — — »* "~ 

35 vom Substrat weg gerichtet wird. 

aul das Substrat zu gerichtet wird. 
Revendications 

, DisP o- - » -rr 11,1 u " ,,3) a 9 " ffmaes 

non lineaire sous la forme dun guide d'ondes nervure. 
caracterise en ce que 

P" ™PP«« a ~ u ™' ita^aXK) dieteeldje mine* la ecdche cKleofr 

tone obleague d. mateaau organ«,u. aapene« J » "^STiSrtl" a «" de i~" B rMe * * 
qu e ayaat ua iadte. d. r.aacaon .nl.aeur k eelei A ' ^oeje. da guide Joodea (18) orgaaigue- 

^iaaga wadee,. poa, I. maenao "'^i^^o^alla.oaaed'eaeeedae.qaiae.iae.nee 
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/emanant de la surface superieure de la partie centrale du guide d'ondes nervure vers I'interieur du guide 
^dtondes organique-dielectrique, le second miroir etant dispose selon un angle permettant de dev.er le rayon - 
nement se propageant dans le guide d'ondes organique^lielectrique et sortant de la surface du gu.de d ondes 
en vue de sa detection, le centre de courbure de chaque miroir se situant dans le plan de I autre miroir, de 
facon que le rayonnement refiechi par le premier miroir soit focalise sur le second miroir. 

Dispositif selon la revendication 1 , dans lequel le guide d'ondes nervure presents une structure multiperiodique, 
comprenant une pluralite de paires de couches semi^onductrices composites, la composition d une couche de 
chaque paire etant differente de la composition d'une autre couche de la paire. 

Dispositif selon la revendication 2, dans lequel le guide d'ondes nervure est defini par une paire de tranchees (1 9) 
formees dans la surface d'une structure (12) multiperiodique sur un substrat de GaAs, 

cette structure multiperiodique etant constitute d'une pluralite de periodes comprenant des couches alter- 
nees de GaAs/AIGaAs. 

4 Dispositif selon la revendication 2 ou la revendication 3, dans lequel chacune des paires de couches semi^on- 
ductrices composites est constitute d'une couche de GaAs et d'une couche d'A^Ga^As, x se situant dans I in- 
tervals de 0,7 a 1. 

5 Dispositif selon I'une quelconque des revendications 2 a 4, dans lequel I'epaisseur de chaque couche semicon- 
ductrice composite est egale a la moitie de la longueur d'onde du rayonnement visible produit dans le guide nervure. 

6. Dispositif selon I'une quelconque des revendications precedentes, dans lequel la lame de materiau organique 
com p rend un polyimide. 

7. Dispositif selon I'une quelconque des revendications precedentes, dans lequel le materiau dielectrique comprend 
du Si02- 

8 Dispositif selon I'une quelconque des revendications precedentes. dans lequel les miroirs sont inclines de 45» 
dans une meme direction par rapport au plan du guide nervure, de facon que le rayonnement atte.gnant le second 
miroir soit dirigt de maniere a s'ecarter du substrat. 

9. Dispositif selon I'une quelconque des revendications 1 a 7. dans lequel le second miroir esUndine de^ P < dans 
une direction opposee a celle du premier miroir, de facon que le rayonnement atte.gnant le second miroir sort d.nge 
vers le substrat. 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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